Translationally cold and slow ND3 is prepared by filtering the slow molecules from a thermal gasphase sample using a curved electrostatic hexapole guide. This filter, like the curved quadrupole guide introduced by Rempe et al. in 2003[1], selects molecules by their forward velocity and effective electric dipole moment. Here we describe two main modifications with respect to previous work: 1. A hexapole guide is used instead of a quadrupole, thus producing a harmonic potential for the linearly Stark-shifted levels of ND3. The curved guide is combined with a straight hexapole guide with independent high-voltage supplies to allow for band-pass velocity filtering. 2. State-selective laser ionization is used to obtain time-and state selective detection of the guided molecules. This enables the experimental determination of the rotational state population of the guided molecules.
INTRODUCTION
Cold neutral molecules provide many intriguing possibilities in precision spectroscopy and chemical dynamics. [2, 3] Many methods have been developed over the past years to prepare neutral molecules in the millikelvin to microkelvin range. These methods have been applied in high-resolution spectroscopy [4, 5] as well as collision studies. [6] [7] [8] Two main approaches are currently available for the production of cold neutral molecules (see [2] and references therein): 1. They can be assembled from cold atoms using lasers or electric fields. 2. Molecules with a permanent electric or magnetic dipole moment can be prepared at high laboratory frame-ofreference velocities and then be decelerated using timevarying electric, magnetic, or optical fields [9] [10] [11] [12] . Electric fields have also been used to guide polar molecules along straight and curved trajectories, and it has been shown that an electrostatic guide can be bent into a circle to obtain a storage ring [13] . In those experiments, an hexapole guide was used, very similar to the one employed in the present study. In 2003, Rempe and coworkers demonstrated a relatively simple technique to obtain translationally cold polar molecules by filtering the slow ones from a thermal sample using an electrostatic quadrupole guide [1, [14] [15] [16] . In a thermalized sample, even at room temperature there always exists a small fraction that moves at very low velocities. Isolation of these molecules from the sample provides a continuous flux of translationally cold molecules. Since the initial flux from the source can be considerable, even this small fraction corresponds to densities that are comparable to those obtained from other methods. Rempe et al. [1] first demonstrated this approach by coupling a continuous effusive source of ammonia with a curved electrostatic quadrupole guide. Since then, the method has been applied to several other molecules, and has been used, e.g., for detailed studies of ion-molecule reactions [7, 17, 18] .
Inside an electrostatic guide the inhomogeneous electric field pushes molecules in certain (low-field seeking) quantum states toward the center of the guide. In a bent guide, the centrifugal force is added to the trapping force, and those molecules where the centrifugal force exceeds the trapping force are ejected from the guide. The velocity distribution of the guided molecules can be determined by measuring the time-of-flight (TOF) distribution at the end of the guide. Typically, this was done by coupling the guide to a mass spectrometer where the molecules were ionized by electron bombardment. This provides accurate measures of flight times and of the flux as a function of time. However, it does not reveal any information about the internal state population. The selection in an electrostatic guide is based on the forward velocity and the effective dipole moment. Since there is no cooling or deceleration, the selectivity both in terms of velocity and internal levels is based on these two handles alone. The effective dipole moment depends on the permanent dipole moment of the molecule and on the rotational level. As a consequence, the rotational temperature of the guided molecules will not be the same as that of the molecules before the filter. To what extent it is changed, however, has been a matter of theoretical predictions so far, because no state-selective detection was used. Calculations [18] predict a moderate change of the internal temperature, and the production of rotationally cold velocity-filtered molecules has only been achieved by the coupling of a guide and a buffergas cooled source. [15, 19, 20] In the present study we combine a segmented, partially curved, electrostatic hexapole guide with resonanceenhanced-multiphoton ionization (REMPI) for time-and state-resolved detection of the guided molecules. This provides the following advantages: 1. The hexapole guide is split into a straight portion and a curved portion. The curved section has a large radius of curvature (125 mm vs. ca. 15 mm in previous studies). The two sections are connected to separate high-voltage switches to implement a velocity band-pass filter. In a similar experiment, Rempe et al. have recently demonstrated the selection of molecules within a ≈ 5 m/s wide band [21] . Repeated application of such high-voltage pulses can be used to produce a quasi-continuous flow of molecules within a selected velocity range. 2. The large radius of curvature provides very well-defined conditions and enables the accurate calculation of particle trajectories through the structure. This is used here to characterize the device and to extract guiding probabilities for different rotational states of the molecule. 3. Using a hexapole instead of a quadrupole guide is advantageous for states which are shifted linearly in an electric field. A hexapole guide possesses a nearly harmonic electric field transversely, which in turn corresponds to a harmonic potential for a linearly shifted state. 4. Using state-selective REMPI to detect the guided molecules enables the direct characterization of the rotational temperature.
Ammonia was used in all experiments presented here. As a prototypical symmetric top molecule it has been studied extensively by different types of spectroscopy, including in particular the sensitive state-selective detection of NH 3 and its isotopomers using (2+1) REMPI [22] . A vast number of studies is available that measure in detail the structure of theX ground state as well as of the excitedB state which was also used in the present study. This state is conveniently excited using two UV photons around 315 nm, and a third photon of the same wave length efficiently ionizes the molecules.
The ground state of ammonia has a double minimum potential, originating from the umbrella motion where the N atom is moved through the plane containing the H atoms. The two pyramidal minima on the potential energy surface are connected via an energy barrier (≈2000 cm −1 high in NH 3 ) which leads to a tunneling splitting of the ground state into two levels with opposite symmetry. These two levels are generally labeled asX(0) and X(1) and are energetically split by the inversion splitting W inv (see fig. 1A ). Inspection of the symmetries of theX andB states, including the umbrella vibrational mode v 2 in the excited state produces the following selection rules [23] :
The energetic Stark-shift of an ammonia-molecule in an electric field with magnitude E is given, for a particular rotational state J, K|, by [13] 
. Levels from the upper component (with |M J | > 0) are shifted to higher energies in increasing electric field magnitude (low-field-seeking states; lfs) while those fromX(0) are shifted to lower energies (high-field-seeking states; hfs).
The large inversion splitting in normal ammonia leads to a quadratic stark shift of all levels up to several 10 kV/cm, while in deuterated ammonia the shift is linear already at very low fields (see fig.1B ). In an inhomogeneous electric field, lfs levels feel a force toward regions with lower field magnitude. In a quadrupole guide, the field increases linearly with increasing radius, thus producing harmonic potential for NH 3 , but a linear one for ND 3 . Instead, a hexapole creates a harmonic potential for ND 3 . In all measurements described here only ND 3 has been used. Fig. 1B ) shows the energy levels for the (J=5, K=5) components of the ND 3 ground vibronic state in electric fields between 0 and 70 kV/cm. At zero field, levels with different M J are degenerate, and the two remaining levels are split by W inv . With increasing field, the components split and are shifted to higher or lower energy.
An electrostatic hexapole, constructed by arranging six electrodes on the corners of a hexagon and applying alternating positive and negative voltages, provides a 2-dimensional trap. The resulting electric field (simulated using finite element methods [24] ) is plotted in fig. 2B ) where -for the case of ±8 kV on the electrodes -the innermost contour line lies at 10 kV/cm, and the spacing between lines is also 10 kV/cm. At small radii the field is to a good approximation cylindrically symmetric. A cross-section through the field along the horizontal line shown in fig. 2B ) is plotted in fig. 2C ). The field increases harmonically with increasing radius as is confirmed by the overlaid parabola in the figure. The force is purely transverse, and in a straight guide, lfsmolecules are guided irrespective of their forward veloc- ity. Only molecules in lfs states are guided since hfs states are pushed away from the center of the guide and lost. In a curved guide the molecules feel a centrifugal force in addition to the guiding force, and they are guided as long as the latter is larger than the former. Equating the centrifugal force
and the opposing, trapping force
defines a maximum guidable forward velocity
Here, R is the radius of curvature of the guide, r 0 is the inner radius of the guide, and r is the radial position of the particle. Eq.2 was obtained by assuming a harmonic potential and W inv = 0. Since both these assumptions slightly improve the guiding capacity for a particular molecule, eq.2 is an overestimate of the actual value. For a complete description of the dynamics of ammonia molecules in a curved hexapole guide we refer to reference [13] .
EXPERIMENTAL
The experimental setup is sketched in fig. 2A ). A continuous beam of ND 3 is generated from an effusive source (left side of the figure), built from a cylindrical copper container (20 mm inner diameter) with a ceramic outlet tube (5 mm long, 2 mm inner diameter). The pressure inside the source is ca. 5·10 −2 mbar during operation. The tip of the ceramic tube is at the beginning of the guide, and the ND 3 -beam at ca. 300 K directly enters the electrostatic hexapole guide. The hexapole guide consists of a straight (510 mm long) and a curved segment (a half-circle with radius of curvature 125 mm) where the former connects two differentially pumped high vacuum chambers. Both segments are built from six individual polished cylindrical stainless-steel electrodes arranged on a 6 mm diameter circle, as shown in fig. 2B ). The electrode diameter is 4 mm, leaving a circular open space in the center with a radius of 4 mm. In the present study, the hexapole voltages were varied between ±8 kV and ±2 kV on the curved guide, while the straight guide was operated by keeping three electrodes at ground potential while the other three were always at +6 kV. Three fast (Behlke; ca. 200 ns rise time) high-voltage switches were used to rapidly switch the two guide segments on and off individually to record time-of-flight (TOF) traces at the end of the curved guide.
For the REMPI-detection of ND 3 , the frequencydoubled output of a pulsed tunable dye laser (Fine Adjustment Pulsare; ca. 15 mJ/pulse at 315 nm), pumped by the second harmonic of a pulsed Nd:YAG laser (Innolas Spitlight 1000; 20 Hz, 10 ns pulse length) is focused, using a 500 mm cylindrical lens, between the first and second plate of a Wiley-McLaren-type TOF mass spectrometer (MS). The MS is aligned colinearly with the end of the curved hexapole guide, and the distance from the end of the guide to the intersection with the laser beam is ca. 15 mm. The first extraction plate is positioned directly behind the guide and has a 20 mm hole, covered by high transmission Ni mesh to shield the mass spectrometer from the guide-HV. To further reduce possible perturbations, the guide is switched off 50 µs before the laser is fired. During this time, the fastest molecules move ≈ 10 mm which is less than the distance between guide and laser beam. The molecules are ionized with the dc-extraction field on, and ions are accelerated to 2.5 keV and detected on an microchannel plate detector.
The differentially pumped high-vacuum chamber is split into three sections and pumped by two turbomolecular pumps. A 20 mm opening between the source-chamber (pumped by a Pfeiffer TMU1600; pumping speed 1400 l/s) and the second chamber (Pfeiffer TMU1400; 980 l/s) reduces the gas flux, while leaving enough space for the straight hexapole to pass through. A copper plate, that can be cooled to ca. 90 K using liquid nitrogen, is installed in the second chamber. It serves to further reduce the gas flux into the detection region, and at the same time cryogenically reduces the overall ND 3 background. During operation, the pressure in the first chamber rises to 3·10 −6 mbar, while in the detector
Solid curves: experimental TOF-traces for guided molecules using ±8, ±6, ±4, and ±2 kV on the curved guide. These traces represent the signal from a single REMPItransition. Dashed curves: analytic calculation assuming translational temperatures of 9 K, 7 K, 5 K, and 4 K, respectively.
chamber it rises from <5·10 −9 to 2·10 −8 mbar. A considerable background ion signal is observed upon REMPIdetection even when no HV are applied to the guides. Under normal operating conditions for the present type of TOF-MS, this background signal is of similar amplitude as the desired signal from the guided molecules. In order to discriminate against it, the electric field in the first section of the MS is reduced to ca. 10 V/cm. This is still sufficient to extract all ions from the guided molecules, which have an anisotropic velocity distribution peaked towards the detector. Because only one mass has to be detected from molecules that are generated in a very small volume, the peak in the TOF spectrum remains sufficiently sharp. On the other hand, the thermalized background gas is not efficiently extracted, and the signal from these molecules is strongly broadened and reduced in intensity. This way, the signal/background ratio was improved to >100 in the present experiment.
RESULTS
Time-of-flight traces from measurements using different voltages on the curved guide are shown as solid curves in fig. 3 . They were recorded with -from top to bottom -±8, ±6, ±4, and ±2 kV on the curved guide, respectively. Each trace was recorded by switching the two guide segments on at the same time, and scanning the delay time between the application of the HV and the laser pulse. The laser wave length was set to a particular transition in theB(v 2 = 5) ←X(1) band, and all traces shown here were recorded by monitoring only this single transition. The ±8 kV-signal starts rising at t onset ≈5 ms, corresponding to ≈200 m/s in approximate accordance with eq.2 using E max =60 kV/cm and an average value for κ,κ=0.5. The signal rises quickly and converges to a maximum which it reaches at around 15 ms. The signal increase reflects the additional components of the velocity distribution, which is contained in the derivative of the TOF-traces. Reducing the guidevoltage has three effects: 1. The onset is shifted to later times, 2. the slope is reduced, and 3. the final signal level is lower. Eq.2 predicts t onset (V guide ) ∝ 1 V guide , corresponding to t onset (V 6kV ) = 5.7 ms, t onset (V 4kV ) = 7.1 ms, and t onset (V 2kV ) = 10 ms, in accordance with observations. Since the signal is proportional to the derivative of the velocity distribution, the shifted position of the turning point at lower voltages confirms that the most probable velocity is lower at lower velocities. Finally, the lower convergence value implies an overall reduction of the flux, which is consistent with the reduced threshold velocity.
Two complementary approaches were chosen to extract translational and internal temperature information from the experimental data: 1. Fitting of an analytic function, and 2. exact trajectory calculations: As is described in [14] , the velocity distribution at the end of the filter is still described by a Maxwell-Boltzmann distribution. Because in the experiments described there, the detection procedure measured the flux, the distribution had to be scaled by a factor 1/v. Since in the present study the density is probed, this scaling factor is redundant and the correct description is a 3D Maxwell-Boltzmann distribution:
where N = 2 π m kT 2 3 is a normalization constant, k is the Boltzmann constant, and T the temperature. A TOF-distribution is obtained by integrating eq. 3 over time:
where is the total flight distance. Fitting eq. 4 to the experimental data directly provides the temperature of the guided molecules. The dashed curves in fig.3 show the TOF traces obtained for temperatures of 9 K, 7 K, 5 K, and 4 K, respectively (from top to bottom), that very well fit the corresponding experimental data. To determine the rotational temperature, the TOF traces are simulated by computing complete particle-trajectories through the electrostatic structure. The two calculation methods are complementary: trajectory simulations do not directly yield a final translational temperature, while information on individual trajectories, or on the rotational temperature are not accessible via the semi-analytic method. Results from trajectory calculations are presented later in this article to describe the different guiding probabilities for different rotational states. 
Velocity bandpass-filter
The measurements from the previous section enable the implementation of an upper velocity threshold via the guiding voltage. Filtering against slow molecules is not possible in a static hexapole, but it is possible by switching the HV on the first, straight segment. Figure  4A) shows TOF traces recorded at ±8 kV (black lines) and ±6 kV (red lines), and using the switching scheme sketched on the right side of the panel. The TOF traces were recorded by switching both guides on at the same time, but switching the straight guide off after a time ∆t. The timing of the laser pulse was delayed relative to the on-time of both guides such that the TOF represents the flight-time through the entire guide, and the laser wave length was parked on the same transition as for fig.  2 . Switching the straight guide off at time=∆t means that molecules with a velocity less than v min = 510 mm ∆t will not be guided into the curved guide, and will thus not be detected. The top, middle and lower traces in fig. 4A ) were recorded using ∆t=15 ms, 10 ms and 5 ms, respectively, corresponding to v min ≈ 35 m/s, 50 m/s and 100 m/s. Upon switching off the straight guide, the signal decays at a rate determined by the velocity composition of the molecules inside the curved guide at TOF=∆t, but also by the time required to purge the straight guide. The signal-reduction in the TOF-traces shown in fig. 4A ) does not start at TOF=∆t but later. Until the straight guide is turned off, the flux into the curved guide is unchanged. At TOF=∆t, the curved guide is not immediately emptied but merely does the influx cease. Thus, the signal measured in the few ms after switching off the straight guide is determined by the velocity distribution of the molecules that are still inside the curved guide. Only after the last of the fastest molecules have traversed the entire curved guide does the signal start to drop. In the case of ±8 kV, this time is ≈ 390 mm 200 m/s =1.8 ms, in accordance with experimental observation.
Semi-analytic simulations of these measurements are shown as dash-dotted curves. Overall, good agreement is observed at short times-of-flight. Important discrepancies, however, are present at the falling edges of the signals. These differences are explained by the dynamics that lead to the draining of the straight guide upon switching off of the voltages, as described below. The velocity distributions resulting from these switching schemes are shown in panel C) of fig. 4 . Black (red) curves show the distributions for 8 kV (6 kV) on the curved electrodes, with switching times of 15 ms, 10 ms, and 5 ms, respectively on the straight guide, for the curves from top to bottom.
A quasi-continuous beam of velocity-selected molecules is obtained by repeatedly switching the straight guide on and off. Examples for such measurements are shown in fig. 4B . The pulse sequence is sketched on the right side of the panel, and the three traces are for (∆t=10,τ =5) ms at ±8 kV (top solid trace), and at (∆t=5,τ =1.5) ms (bottom traces) at ±8 kV (black trace) and ±6 kV (red trace), respectively. Here, ∆t and τ are the pulse length and delay of the HV pulses, respectively. In each case, two packets were recorded, but the scheme could easily be extended to an infinite stream of packets. The maximum duty cycle that can be achieved is given by the time required for all molecules to be ejected from the straight guide.
To types of experiments were done to obtain further information on this process: The main panel in fig. 5 shows measurements where the straight segment was off only for a time ∆t, and both guide segments were switched on simultaneously (as sketched in the top-left of the figure). Traces shown here were recorded with ∆t=0.01 ms, 0.25 ms, 0.5 ms, and 5 ms (top to bottom), where in each case the laser-delay was scanned to record the flight time. In such an experiment, the straight guide is thus turned on most of the time and guides molecules to the entrance of the curved segment. Upon switching the straight guide off, the molecules are not confined anymore and can leave. When the guide is turned back on, some particles will be trapped again, and they will continue to fly through both sections and be detected. Two extreme cases are observed for ∆t very short (∆t = 10µs) or very long (∆t = 5 ms). In the first case, the straight guide is switched off for a time to short for a significant portion of the molecules to leave it. As a consequence, the TOF-trace is similar to one where the straight guide had been on all the time, and the observed flight times correspond to a distance of ≈39 cm, the curved guide alone. In contrast, when the straight guide is switched off for a sufficiently long time for all molecules to leave it, a TOF distribution is observed that corresponds to flight through the entire (straight+curved) guide with a total distance of ≈90 cm. This case is the same as the one for all measurements shown above. The intermediate values for ∆t show a gradual transition between the two extreme cases. Here, more particles remain inside the straight guide when it is switched off for shorter times. These only have to continue the remaining distance once the latter is switched back on.
In the second type of experiment the detection time t det was fixed at 4.5 ms and 7.5 ms after switching on the curved guide, and ∆t was scanned. The results are shown in the inset of fig. 5 : they directly show the decay of the particle density inside the straight guide. The dashed (solid) lines represent the data for t det =4.5 ms (7.5 ms). Both curves can be fitted by an exponential decay. The resulting half-times for the decay are τ 1/2 = 673(18) µs for t det =7.5 ms, and τ 1/2 = 444(8) µs for t det =4.5 ms. It is tempting to ascribe this difference to a difference in transverse velocities for the different longitudinal velocity components probed at 4.5 and 7.5 ms. Assuming a cylindrically symmetric distribution, half of the particles have to fly 4 mm to leave the guide transversely. Converting τ 1/2 would then provide a value for an average transverse velocity of 9 m/s and 6 m/s for t det = 4.5 ms and 7.5 ms, respectively. But since the initial distribution is a thermalized Maxwell-Boltzmann distribution such an assumption would be unreasonable. However, a discrimination arises from the fact that molecules with high longitudinal velocity have a higher probability to get lost not by moving out of the guide sideways but longitudinally. At t det =4.5 ms the slowest molecule that is detected with ∆t=0 has v z ≈110 m/s. After ∆t=1 ms, these particles will have moved forward by 11 cm, independently of their transverse velocity. Any molecule that is closer to the end of the straight guide than 11 cm can be considered lost after this delay. In contrast at t det =7.5 ms, the slowest detectable molecules at ∆t=0 has v z ≈70 m/s. This lower threshold means that, at a given value of ∆t, the molecules have a smaller chance to leave longitudinally, thus reducing the loss rate.
In the simulations shown in fig. 4 it is implicitly assumed that all particles are lost immediately. The calculations can, however, reproduce the experimental data much better if a pulse with a duration 100 µs longer is assumed. This corresponds to the time-scale expected from the purging dynamics: the extra 100 µs would describe an averaged situation for the non-zero purging time.
Rovibrational state population of the exit beam
The exit-molecular beam is characterized by first studying the vibrational state population. REMPI reveals the state-specific guiding-probability through the comparison of background spectra with those of guided molecules. Figure 6A) shows spectra of three vibrational bands of theB ←X transition, recorded for background gas (upper trace) and guided molecules (bottom trace). The vibrational excitation of the excited state is indicated above each band. The background spectrum shows the complete progression of vibrational bands with v 2 = 4−6, but the spectrum of the guided molecules only shows a single band with v 2 = 5. The reason are the symmetries of ground and excited states: Even (odd) vibrational levels in the v 2 progression have E (E ) symmetry and can only be excited from theX(0) (X(1)) level of the ground state. But since theX(0) is the lower component of the inversion doublet, all rotational levels of this state are hfs, while all rotational levels of theX(1) state are lfs. The electrostatic guide only guides lfs states, and all X(0) levels are completely lost from the sample by the end of the curved guide. Looking closer into the structure of a single vibronic band should reveal the different guiding probabilities for different rotational states. Because the Stark effect depends on the effective dipole moment µ ef f ∝ MJK J(J+1) , the shape of a single vibrational band is expected to differ between background and guided molecules. This was measured (and calculated) by again comparing the spectra of guided and unguided molecules, but at higher resolution, as shown in figs. 6B) (simulations) and C) (experiment). Here, the top traces show the spectra for thẽ B(v 2 = 5) ←X(1) transition at a temperature of 300 K under normal conditions. At this temperature, the spectral density is to high to allow for a complete resolution and assignment of all transitions. Nevertheless, the comparison with the spectrum of guided molecules (middle traces in fig. 6B ) and C) shows clear differences. The spectrum was simulated roughly by ignoring all transitions from levels with K≤ 1. The bottom two traces show the ratios between the simulated spectra and between the calculated spectra. Good agreement between these two traces exists, indicating that the main change between the two situations results from the missing transitions from K = 0 and 1 levels which have no or very low Stark effect (κ ≈ 0).
Further information is extracted from trajectory simulations: Fig. 7A) shows the distribution of κ-values before (dashed line) and after (solid line) the guide (normalized to the value at κ = 0.5). The dependence of the effective dipole moment on κ is clearly reflected in the elimination of all low values of κ during the guiding process. Further understanding is provided by investigating different J, K, and M J -values, respectively, before and after the guide. Panels B)-D) of fig. 7 show the relative populations for states with different J (panel B), K (panel C), and M J (panel D). In each case, the dashed line with crosses (solid line with circles) shows the values before (after) the guide. The most striking observation is that the relative population of different J-levels remains practically unchanged. Larger differences are observed in K. Here, however, the main change is that states with low K-values are almost completely eliminated while the higher ones are all still populated. The main reason for the observation in panel A comes indeed from different M J values. In an electric field, all J, K| levels are split into Stark states with potentially very low M J , and these states are not guided independently of the other quantum numbers. For a given value of J the rotational states are evenly distributed over 0 < κ < 1, and the state guiding probability ultimately depends on the ratio between K and J: For any sufficiently high J, K| level the average effective dipole moment is proportional to
since the average value of|M J | of the lfs states is J/2. The essential component is a high K-value, and the bestguided levels are those with K≈J where κ approaches 1. Molecules with small rotational constants have rotational spectra that are sufficiently close to continuous that no significant difference is observed in the populations before and after the guide. Because in the present setup a room-temperature effusive source was employed, the rotational temperature before the guide was 300 K, and while it is difficult to extract an actual temperature from the spectra shown here, the safest assumption is that it is still almost 300 K. An estimate of the flux in this beam is possible by comparing the REMPI signal from the guided molecules to the signal from background-molecules: During operation, the pressure in the detection chamber rises from <5·10 −9 mbar to around 2·10 −8 mbar. The background gas produces a signal which, under operating conditions without discrimination, is comparable in intensity to the signal from the guided molecules. While the background pressure, which is read off of a pressure gauge some 30 cm away from the interaction region, has to be taken as an approximate value only it still allows the estimation of a density in the beam. In the present case a density of 10 8 cm −3 is assumed. REMPI measures density and not flux, and this number can be transformed into flux by assuming a laser diameter at the focus of 0.1 mm. Taking an average velocity of 120 m/s, this corresponds to a flux of ≈10 9 /s. Note that even though the laser can only be set to detect a single, or very few, states at a time, these numbers still correspond to the total density and flux, because the comparison with the background also only includes a single transition. While it carries a considerable error, the so estimated flux here is comparable to results from simulations as well as the values reported by other groups [15] .
CONCLUSION
We have demonstrated the velocity filtering of deuterated ammonia in an electrostatic hexapole guide with a large radius of curvature and combined it with time-and state-selective detection of the filtered molecules using REMPI. Continuous molecular beams with translational temperatures below 10 K were generated. The translational temperature could be further reduced by using a segmented guide with a straight and a curved segment. Switching the high voltage on the straight guide segment enabled the discrimination against slow molecules and thus a further reduction of the translational temperature. The combination of different switching times with different voltages on the curved guide segment allows the production of a molecular sample with a selectable temperature and at a selectable mean velocity in the laboratory frame-of-reference.
REMPI detection enabled the characterization of the rotational temperature of a velocity-filtered sample. It showed that the rotational state distribution changes only marginally between before and after the guide, with the main difference being the elimination of all levels with K ≤ 1. In contrast, complete purging of hfs was shown by comparing the intensities of vibrational bands with even and odd v 2 quantum numbers. For the preparation of translationally and internally cold molecules by this technique, the source would have to be replaced by a method to produce internally cold molecules. It has been shown previously that buffer gas cooling is a viable method to achieve this goal [15, 20] . Alternatively, a rotating nozzle producing a continuous supersonic expansion would be an attractive alternative to the pure effusive source used here. [25] We are planning to make use of another attractive feature of the hexapole geometry of the guide: it can also be used to generate a dipole field, e.g., by applying a strong positive and a strong negative voltage to the two outermost electrodes of the guide, and low voltage to the innermost ones [13] . This generates a dipole filed pointing to the inside of the curvature, and the molecules are not confined from the inside of the guide; only the centrifugal force keeps them in the guide. Consequently, using a particular electric field selects a velocity-band from the initial distribution: Fast molecules are ejected outwards because the confining force is insufficient while slow molecules are pushed inwards because the centrifugal force is insufficient. A particularly interesting aspect of this configuration is that it can relatively easily be extended to hfs states, simply by reversing the direction of the dipole. Combining a dipole guide with the independent guide segments furthermore enables the decoupling of velocity-and state-selection: The selection by segment-switching is based purely on the forwardvelocity, and a curved guide can then be used for stateselection.
